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Abstract of GB587181 

A copper-chromium hydrogenation catalyst contains 7-25 parts chromium per 100 parts copper and is prepared 
forming, preferably by co-precipitation, a mixture of copper and chromium carbonates and heating to about 300 
C. to produce the oxides. The catalyst is used in the production of phenyl methyl carbinol by reduction of 
acetophenone, and may be activated by heating with hydrogen in presence of acetophenone.ALSOPhenyl met 
carbinol is produced by introducing hydrogen under pressure into acetophenone in presence of a copper-chrom 
catalyst prepared by igniting a mixture of the carbonates and containing 7-25 parts chromium per 100 parts cop 
For example, the pressure may be 75 lb. per sq. in. and the temperature 130 DEG C. 
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COMPLETE SPECIFICATION 

Improvement in Catalytic Hydrogenation of Acetophenone 
to Phenyl Methyl Carbinol 



We, C AMIDE AND CaRBON CHEMICALS 

Corpohation. of 30, East 42nd Street. 
New York, State of New York, United 
States of America, a Corporation 
6 organised "under the laws of the State of 
iTew York, United States of America, 
(Assignees of Donam) Magk£y Young, 
F&ANK Gi»ynn Yotjng, Jr. and Howard 
Russbix Gtost, all Citizens of the 
10 United States of America, of 1118, Edge- 
wood Drive, 805, Edgewood Avenue and 
1009, Main Street, Charleston, West/ 
Virginia, United States of America, 
respectively), do hereby declare the 
15 nature of this invention and in what 
manner the same is to be performed, to 
be particularly described and ascertained 
in and by the following statement : — 
This invention relates to an improved 
20 copper-chromium catalyst and a method 
of preparing the catalyst. It further 
relates to an improved process for making 
penyl methyl carbinol by hydrogenation 
of acetophenone. More particularly the 
26 invention provides a rapid catalytic pro- 
cess, ior hydrogenating acetophenone 
selectively to phenyl methyl carbinol 
with good yields and efficiencies. 
That acetophenone may be hydro- 
80 genated to form phenyl methyl carbinol 
is well known. Phenyl methyl carbinol 
is important as an intermediate in the 
production of styrene. According to one 
series of reactions, ethyl benzene may be 
86 oxidized to acetophenone, acetophenone 
hydrogenated to phenyl methyl carbinol, 
and the carbinol dehydrated to styrene. 
It is to be noted that in this series of 
reactions none of the reagents, used or 
40 by-products formed in the main reactions 
are of the nature of difficultly removable 
impurities which may remain even in 
traces to adversely affect the quality o'f 
the ultimate product, styrene. The. only 
45 by-product is water which is readily 
separated ' and, m aside from the base 
material undergoing conversion to styTene 
or an intermediate, the only reagents are 
the readily available, low cost materials, 
oxygen and hydrogen. 

Although, in the reduction of aceto- 
phenone by hydrogen, the only product 
of the main reaction is phenyl methyl car- 
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binol, not all catalysts are sufficiently 
selective in their action to form the main 
product to the exclusion of side reaction 
products. In some instances, the forma- 
tion of products by side reactions may 
increase disproportionately with increase 
in catalytic activity or other conditions 
resulting in an increased rate of the main 
reaction. 

Among possible side reaction products 
are ethyl benzene and cyclohexyl methyl 
carbinol. In the dehydration of phenyl 
methyl carbinol to styrene, any cyclo- 
hexyl methyl carbinol present therein 
would be simultaneously converted to 
vinyl cyclohexane while. any ethyl ben- 
zene present would pass through 
unchanged. The boiling points of both 
vinyl cyclohexane and ethyl benzene lie 
so close to that of styrene that their 
separation from styrene by distillation is- 
not accomplished easily. Although no 
difficulty is encountered in separating 
ethyl benzene from phenyl methyl car- 
binol in view of the wide difference in 
their boiling points, a somewhat different 
situation is presented by the high boiling 
cyclohexyl methyl carbinol which distils 
only about 14° C. below phenyl methyl 
carbinol at normal pressure, with even less 
difference at reduced pressures. It does 
not appear, as far as is known, that the 
importance of having phenyl methyl car- 
binol free of such side reaction products 
has heretofore been recognised in the pro- 
duction of high quality styrene. 

It has already been proposed to hydro- 
genate acetophenone to phenyl methyl 
carbinol by carrying out the reaction in 
the presence of a copper-chromium hydro- 
genation catalyst containing an oxide of 
an alkaline earth metal or an alkali con- 
taining, for example 41 parts by weight 
of chromium to 100 parts by weight of 
copper. It has been found that this 
reaction proceeds to^ the substantial 
exclusion of side reaction products if the 
copper chromium ratio, computed on a 
metal basis is within the limits set forth 
hereinafter. 

According to the present invention a 
copper-chromium mixed oxides hydro- 
genation catalyst is provided in which the 
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chromium is present in a ratio, computed give the catalyst a preliminary activation, 

on a metal basis of from 7 to 36 parts For instance, the catalyst may he 

chromium per 100 parts copper hy weight, activated by heating it in acetophenone 

The invention also provides a method of under hydrogen pressure. Other methods 

8 preparing a copper-chromigim mixed of activation include heating the catalyst TO 

oxides hydrogenation catalyst which com- in a mixture of phenyl methyl carbinol 

prises forming a mixture of copper and and acetophenone at atmospheric pres- 

chromium carbonates wherein the 'metal sure under a reflux, or with dry ethyl 

carbonates are present in a proportion to benzene under hydrogen pressure, ot in 

10 yield a copper-chromium oxides mix- an atmosphere of hydrogen alone. In 75 

ture containing from 7 to 26 parts activating the catalyst, it is desirable 

of chromium per 100 parts of that the heating be carried out at a tem- 

copper by weight, upon decomposition of perature which is usually about 150 to 

the carbonates to. the oxides; and heating 200° O.,. although higher and lower teni- 

15 the mixture of copper and chromium car- peratures may also be used. NO 
bonates to a temperature at which said . Oxide mixtures in which the copper 

carbonates are decomposed to convert and chromium are present in an amount 

them to the respective oxides. Con- from about 9 to 15 parts of chro- 

versely the invention also provides a mium per 100 parts of copper are 

20 method for the production of phenyl superior catalysts in the hydrogenation of 85 

methyl carbinol by the reduction of aceto- acetophenone selectively to phenyl methyl 

phenone, which comprises introducing carbinol, and are preferred. Using a 

hydrogen into acetophenone under pres- catalyst having this preferred ratio, the 

sure in the presence of a catalytic amount hydrogenation not only proceeds at a 

36 of a copper-chromium mixed oxides high rate with negligible amounts of ring 90 

hydrogenation catalyst ^ in which hydrogenation and ethyl benzene forma- 

chromium is present in a ratio, computed tion, but the reaction may also be carried 

on a metal basis, from 7 to 25 parts out at temperatures and pressures which 

chromium per 100 parts copper by are low in* comparisdn with those which 

80 weight. are commonly employed in hydrogenation 95 

- In preparing the catalyst, a mixture of processes generally, and phenyl methyl 

copper and chromium carbonates and carbinol is obtained in good yield. The 

basic carbonates suitable for roasting may catalyst upon activation gives a maxi- 

be obtained, if desired, by precipitating mum rate of hydrogenation which is con- 

16 the carbonates from , an aqueous solution siderably higher than that attainable with 100 

of the metals in the form of such soluble catalysts outside the preferred range ; and 

salts as the. nitrates, for instance. The retains its maximum activity over a 

precipitating" agent may be an aqueous longer period. # The rate of hydrogena- 

solution of a soluble carbonate, for tion decreases in the direction of both 

40 example, ammonium carbonate, and this lower and higher chromium content out- 105 

procedure has the advantage that the side the preferred range but it decreases 

remaining salts formed by the metathesis more sharply in the direction of the lower 

are water-soluble and easily washed out concentration than the higher. The ease 

from the precipitate. Before converting of activation appears to increase with 

46 the mixed carbonates to the oxides, it increasing chromium content within the 110 

may be found desirable to subject the limits of the chromium-copper propor- 

washed precipitate to a preliminary dry- tions of the present invention. . Adcli- 

ing at a temperature of about 90° O. to tionally, catalyst of the preferred pro- 

lOO 0 -* C. over a period of 10 to 20 hours portions may be activated without heco^ti- 

60 approximately Usually a temperature ing pyrophoric, and these non-pyrophorie 116 

• of about 300° 0. maintained for a period activated catalysts have the advantage 

of about 20 to 60 minutes is suflicieut to that they are less hazardous for large 

convert tie carbonates to the oxides. The scale # commercial operations than a pyro- 

reaction proceeds smoothly, in contrast to phoric catalyst. 
56 the strongly exothermic decomposition The hydrogenation may be carried out 120 
accompanvihg the preparation of some at an elevated temperature and under 
catalysts heretofore proposed, and may he hydrogen pressure in a conventional nres- 
carried out readily on a commercial scale, sure reactor. In general, from ahour. 
In carrying out a hydrogenation of ace- 0.5 to 10 parts of catalyst per 100 parts of 
60 tophenone using the mixture of black acetophenone are suitable in carrying out 126 
oxides as first obtained by decomposition the reaction ! but an excess of catalyst is 
of the carbonates, an induction period not, of itself, objectionable. Depeu'liug 
may be observed. WheTe the hydrogen- largely upon catalyst concentration the 
ation is to be carried out in a continuous- hydrogenation may be carried out using 
65 type, process, it may be advantageous to hydrogen pressures as low as 50 to 100 131) 
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pounds per square inch and at tempera- 
tures -ranging from 130° C. to 175* "C. 
Higher pressures and temperatures may 
be used af desired, but ordinarily it is 
5 unnecessary to resort to pressures much 
above 160 to 200 pounds per square inch 
or to temperatures substantially higher 
than 200° C. On the other hand, at tem- 
peratures . below 120° C., the rate may 

10 become too slow to be practicable. The 
hydrogenation may be carried out in a 
continuous manner by spraying a mixture 
of the catalyst and acetophenone into an 
atmosphere of hydrogen under suitable 

15 pressure, using an activated catalyst if 
desired. The catalyst may be recovered 
after the hydrogenation is completed, and 
reused. It may readily be reactivated, if 
need be by procedures including steaming 

20 and roasting, for instance. 

The invention may be. further illus- 
trated by the following examples ; — 

Example.!. 
A precipitate of the mixed carbonates 

25 of. copper and chromium was formed by 
adding- an aqueous solution of ammonium 
carbonate monohydrate, (NH 4 ) 2 C0 3 .H 3 0, 
containing 175 grams of the ammonium 
salt in one liter of water, to an aqueous 

30 solution of copper nitrate trihydrate, 
Cu(NO a )«.3H«0 and chromic nitrate nona- 
hydrate/0r(N0 3 ),.9B: 2 0, containing 244 
grams of the copper salt and 53 grams of 
the chromium- salt in one liter of water. 

36 The solution was well stirred during the 
addition, which required 20 minutes, and 
for 20 minutes thereafter. The precipitate 
of mixed carbonates^ was separated from 
the liquid by nitration and -washed with 

40 1:5 liters of water. The washed precipi- 
tate was then agitated with two 50O milli- 
liter portions of water, in succession, each 
agitation step being followed by filtra- 
tion and further washing. Tbe material 

46 thus obtained amounted to 06 grams after 
it had been dried in an oven at a tempera- 
ture of 90° C. for 16 hours. Finally, the 
dried material was heated at a tempera- 
ture of 280° C. to 300° C. for twenty 

50 minutes, after it first had been brought up 
to a temperature of 280° C, while being 
agitated, over a period of 20 minutes. 
There were produced 72 grams of black 
mixed oxides which were . found by 

56 analysis to have a chromium-copper ratio, 
of 13.8 parts chromium to 100 parts 
copper, by weight. 

Example 2. . . 
To pure acetophenone, 100 parts, con- 
60 tained in a suitable reaction vessel, were 
added 2 parts by weight of the black 
mixed oxides of Example 1 and the mix- 
ture thus obtained was heated to about 



130° C. Hydrogen was then introduced 
into the heated mixture under a pressure 65 
maintained at an average of about 75 
pounds per square inch and the mixture 
agitated continuously. Under these con- 
ditions the oxide mixture^as found to be 
slowly activated, as indicated by the 70 
amount of hydrogen consumed. At the 
end of 93 minutes the hydrogenation was 
10 per cent, completed. After two hours 
the ' rate of hydrogenation began to 
increase from about 6 per cent, per hour 75 
until at the end of about 4 hours it reached 
its maximum of ubo*ut 32 per.icenti per ho ur 
Thereafter, the rate dropped as the reac- 
tion approached completion until finally 
the hydrogenation stopped. The product 80 
was sustantially pure phenyl methyl car- 
binol obtained in almost quantitative 
yield. 

In comparison with the foregoing 
results, a copper oxide-chromium oxide 85 
catalyst in which the metals were present 
in the ratio of 2.7 parts chromium to 100 
parts .copper, by weight, required 2 hours 
for the hydrogenation to progress to the 
extent of 10 per cent., using the same 90 
hydrogenating procedure of this example. 
The maximum nydrogenation rate of this 
low chromium catalyst was only . 18 per 
cent, per hour, -which was reached after 
6.5 hours. . In preparing this low 96 
chromium catalyst, the procedure 
described in Example 1 was- followed 
using 288 grams of copper nitrate tri- 
hydrate, lo* grams of chromium nitrate 
nonahydrate and 180 grams of ammonium 100 
carbonate monohydrate. The amount of 
catalyst obtained was 82 . grams. No 
improvement in the maximum production 
Tate resulted upon subjecting the low 
chromium catalyst to the same treatment 106 
which was successfully employed to 
activate catalysts haying a higher 
chromium-copper ratio (see Example 3), 
although some slight improvement was 
shown in the time of 44 minutes required I H> 
for the hydrogenation to proceed 10 per 
cent. 

Example 3. 
To 48 grams of a mixture containing 90 - 
per cent, phenyl methyl earbinol "and 10 115 
per cent, acetophenone were- added 4. ft 
grams of the same black mixed oxides 
described in Example 1. mixture 
was then heated under a' refiui: condenser 
by means of an oil oath maintained at a 120 
temperature pf about 175* . C. When the 
temperature of the miiture reached 
170° C, a small " volume . of hydrogen 
(about 1 to 2 liters) was evolved. There- 
after, the temperature dropped gradually, 125 
as a small quantity of water was formed,, 
until it had reached about 140° C. The 
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entire Keating period was about one tour. 
The black mixed oxides were then 
recovered by filtering, and washed with 
acetone. There was obtained about 4.6 
6 grams of non-pyrophoric activated 
catalyst. 

Example 4. 
To 100 parts by weight of pure aceto- 
phenone. contained in a suitable reaction 

10 vessel, were added 2 parts by weight of 
the hon-pyrophoric activated catalyst pre^ 
pared as described in Example 3. o The 
mixture was then heated to about 130° C, 
and hydrogen introduced into the heated 

15 mixture under an average pressure of 
about 75 pounds per square inch while 
the mixture was being agitated, all pre- 
cisely as described in Example 2. The 
catalyst was active from the start and the 
hydrogenation was 10 per cent, completed 

20 at the end of 17 minutes in comparison 
with the 93 minutes required to reach 10 
per cent, using the unactivated catalyst. 

The hydrogenation, using the activated 

catalyst reached its maximum rate of ,43 

25 per cent, per hour after 40 minutes and 
this rate was maintained until the hydro- 
genation was almost complete. Substan- 
tially pure phenyl, methyl carbinolwas 
obtained in practically quantitative yield. 

80 Example 5. 

A solution consisting of 81 grams of 
soda ash dissolved in % liters of water was 
added gradually, over a period of 50 
minutes to a well-stirred solution made 

36 by dissolving 121 grams of copper nitrate 
trihydrate, Ou^Qa^.^HjO, and 26 grams 
of chromium nitrate nonajby drate , 
Cr(tf0 3 } 3 .9HA in 2 liters of .water. The 
stirring was. continued 20 minutes after 

40 the addition had been completed. A pre- 
cipitate; formed, which was a mixture of 
the copper carbonate and chromium car- 
bonate, and from this point on the treat- 
ment of the precipitate was according to 

46 *fche i procedure^ ' described in Example 1. 
There was obtained 47 grams of black 
mixed oxides in which the metals were 
present in the proportion of 9.8 parts 
chromium to 100 parts copper, by 

60 weight. m . . 

A" part of the black mixed oxides thus 
obtained was activated according to the 
procedure of Example 3 to . yield a non- 
pyrophoric activated catalyst with about 

55 the same activity as described in 
Example 4. 

Example 6. 
A mixed oxides catalyst containing 
copper and chromium in the proportion 
60 of 23 parts chromium to 100 parts copper, 
by weight, was prepared by the method 
described in Example 1, using 212^grams 
of copper nitrate trihydrate, 79 grams of 



chromium nitrate nonahydrate and 170 
grams of ammonium carbonate mono- 65 
hydrate. The resulting black mixed oxide 
catalyst thus obtained was slightly less 
active than the catalyst of Example 1. 
Under- the same conditions as described in 
Example 2, 100 minutes were required to 70 
attain 10 per cent, hydrogenation, as 
against 93 minutes for the black mixed 
oxides having a chromium-copper ratio of 
13.8 parts chromium to 100 parts copper, 
by weight. 75 
Example 7/ 
A part of the black mixed oxides 
catalyst of Example 6 containing copper 
and chromium in the ratio of 23 parts 
chromium to 100 parts copper by weight 80 
was activated by the procedure described 
in Example 3. Using the hydrogenation 
method of Example 4, the activated 
catalyst required '20 minutes to take the 
hydrogenation to 10 per cent. A maxi- 85 
mum hydrogenation rate of 37 per cent, 
per hour was attained. The rate dropped 
off sharply to one per cent, per .hour as 
the hydrogenation reaction neared com- 
pletion. The activated catalyst was not 90 
pyrophoric. 

Example 8. 
Black : mixed oxides catalyst, prepared 
as described in Example 1 and containing 
copper and chromium in theTatio of. 13.3 95 
parts chromium to 100 parts copper, by 
weight, was heated by placing it in a 
U-tube which was, in turn, immersed hi 
an oil bath. The oil bath was maintained 
at a temperature of 160° 0. and hydrogen 100 
assed slowly through the tube for six 
ours. During the first two hours water 
was produced. The catalyst thus activated 
was found to be pyrophoric and conse- 
quently -was discharged directly from the 105 
tube, after cooling, into an acetophenone- 
phenyl methyl carbinol mixture contain- 
ing 79 per cent, of acetophenone. This 
mixture, containing 5 parts catalyst to 
100 parts mixture, was hydrogenated at 110 
a temperature of 150° 0. and under a 
hydrogen pressure of 120 to 150 pounds 
per square inch. At the end of 2.75 
hours the hydrogenation was 94 peT cent 
completed as indicated by the reduction 116 
of the acetophenone concentration to 6 per 
cent, by weight.' 

Example 9. 
Black mixed oxides catalyst made by 
the method of Example 1 and containing 120 
.copper and chromium in the proportion of 
100 parts copper to 13.8 parts chromium, 
was mixed with dry ethyl benzene in the 
ratio of 10 parts catalyst to 360 parts 
ethyl benzene. The mixture was then 125 
heated in a pressure reactor to a tempera- 
ture of 150° C. and hydrogen introduced 



under a pressure of GO to 65 pounds per 
square* inch. The pressure was released; 
at one-half hourly intervals to allow the " 
hydrogen to sweep out the small amount 
6 of water formed in the partial reduction 
of the catalyst, and again restored by the 
introduction of hydrogen. At the end of 
three hours the catalyst was recovered by 
filtration and washed with acetone. The 

10 catalyst, thus activated, was found to be 
non-pyrophoric. 

To 200 grama of a mixture containing 
73 per cent, acetophenone and 27 per cent, 
phenyl methyl carbinol in a pressure 

16 reactor were added 8 grams of the 
activated catalyst. The acetophenone-car- 
binol-catalyst mixture was then main- 
tained at an average temperature of 142° 
C, and hydrogen introduced at a pressure 

20 of 100. to- .150 pounds per square inch. In 
three hours the hydrogenation was 93 per 
cent , complete as indicated by the reduc- 
tion of the acetophenone concentration to 
2 per cent. 

25 Example 10. 

Acetophenone was hydrogenated to 
phenyl methyl carbinol continuously as 
follows : — 

Parts, by 

30 weight, per 

hour. 
* Bun Run 
A B 

Feed Mixture 
35 Acetophenone - - 6.6 4.7 
Phenyl methyl carbinol 2.8 - 2.0 
Fresh catalyst - - 0.016 0.033 
Product, (after filtration) 

Phenyl methyl carbinol 7.1 4.7 
40 Acetophenone - - 2.1 1.9 
Ethyl benzene - - 0.15 0.10 
Hours - 9 13.5 

The production rate was- 0.55 and 0.37 
parts of phenyl methyl carbinol per part 
45 of acetophenone feed per hour, by weight, 
for runs A and B, respectively. The tem- 
perature was maintained at 150° C. and 
the pressure. at 150 pounds per square 
inch, for both runs. The catalyst used 
60 was prepared according to Example 9, 
and the average catalyst « concentration 
during both Tuns was about 2 per cent., 
by weight, of. the reaction mixture. 

Having now particularly described and 
55 ascertained the nature of our said inven- 
tion and in what manner the same is to 
be performed, we declare that what we" 
claim is: — 
1. A copper-chromium mixed oxides 
60 hydrogenation catalyst in which the 
chromium is present in a ratio, computed 
on a metal basis of from 7 to 25 parts 
chromium per 100 parts copper by weight 
whenever prepared or produced by the 
C6 method of manufacture particularly 



described and ascertained. 

2. A catalyst as claimed in claim 1 in 
which the chromium is present in a ratio 
of from -9 to . 16 parts chromium per 100 
parts copper by weight computed on a 70 
metal basis. 

3. A catalyst as claimed in claim 1 or 2 
which is activated by, heating with 
hydrogen in the presence of acetopEenone ' 
and substantially free from other metals T5 
and compounds thereof. 

4. A method of preparing a copper- 
chromium mixed oxides hydrogenation 
catalyst which comprises forming a mix- 
ture of copper and chromium carbonates 80 
wherein the metal carbonates are present 

in a proportion to yield a copper- 
chromium oxides mixture containing from 
7 to 25 parts of chromium per 100 parts of 
copper, by weight, upon decomposition of 85 
the carbonates to the oxides : and heating 
the mixture of copper and cnromium car- 
bonates to a temperature at which said 
carbonates are decomposed to convert . 
them to the respective 1 oxides. JJO 

5. A method as claimed in claim i 
which comprises precipitating from an 
aqueous solution of water-soluble copper 
and chromium salts by addition thereto of 

a water-soluble carbonata compound, a 95 
mixture of copper and chromium car- 
bonates wherein the metal carbonates are 
present in a proportion to yield a copper- 
chromium oxides mixture containing 
from 9 to 15 parts chromium per 10O 100 
parts copper, by weight, upon decomposi- 
tion of said carbonates to the oxides ; and 
heating . the mixture of copper and 
chromium carbonates to a temperature up 
tq about 300° O. to convert tnem to the 106 
oxides. 

6. A method as claimed in claim 5 
which comprises precipitating said mix- 
ture of copper and chromium carbonates 
from an aqueous solution of the nitrates 110 
of copper and chromium by addition 
thereto of an aqueous solution of 
ammonium carbonate, heating said car- 
bonates to a temperature up to about 
900° O; to convert them to the oxides and 115 
thereafter activating said oxides at a tem- 
perature of about 150 to 175° C. 

7. A method for the production of 
phenyl methyl carbinol by the reduction 

of acetophenone which comprises intro- 120 
(hieing hydrogen into acetophenone under 
pressure in the presence of a catalytic 
amount of a copper-chromium mixed 
oxides hydrogenation catalyst in which 
chromium is present in a ratio, computed 125 
on a metal , basis, from 7 to 25 parts 
chromium per 100 parts copper by weight. 

8. A method for the production of 
phenyl methyl carbinol as claimed in 
claim 7, which comprises introducing 180 
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hydrogen into acetophenone under a pres- 
sure of about 5Q to 200 pounds per square 
inch and at a temperature of about 120° 
0. to 200° 0. 

6 9. A method as claimed in claim 7 
which comprises introducing hydrogen 
into acetophenone under a pressure of 
about 100 to 150 pounds per square inch 
and at a temperature of about 130° C. 

10 to 175° C. 

10. A method of producing phenyl 
methyl carbinol by the reduction of aceto- 



phenone in the presence of a copper- 
chromium mixed oxides TrydrodenatKMi 
catalyst, as hereinbefore particularly 
described. 

11. Phenyl methyl carbinol whenever 
produced by the catalytic reduction of 
acetophenone, as hereinbefore particu- 
larly described. 

Dated this Kith day of August, 1944. 
W. P. THOMPSON & CO., 
12, Church Street, Liverpool, 1, 
Chartered Patent Agents. 
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